Background: Post traumatic nosocomial pneumonia is a common complication resulting in
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Background
Trauma remains a frequent cause of death and results in an annual global death toll in excess of 6 million. 1 Although the early mortality rates continue to fall with improved prehospital care and more structured trauma systems, the medium and long-term mortality rate in those patients that survive to require treatment in an intensive care unit (ICU) remains high. 2 Severely injured patients are highly susceptible to hospital-acquired infection, particularly pneumonia. The development of sepsis in trauma patients is usually preceded by a characteristic cytokine profile 3, 4 and is associated with a 3-fold increase in mortality. 5 We have previously described a hyper-acute immune response to severe trauma, dominated by excess interleukin 10 (IL-10) gene expression that is associated with the later development of infectious complications. 6 This immune response is further characterised by features of impaired innate immunity and T helper cell type 1 (T h 1) responses with marked reductions in tumour necrosis factor-alpha (TNF-α) and IL-12 gene expression. 7 The coordinated production of miRs represents a key epigenetic mechanism regulating gene expression through either transcriptional repression or messenger RNA (mRNA) degradation. 8 miRs are short, single-stranded RNA molecules that bind to a target mRNA through sequence complementarity at the 3 prime untranslated region (3' UTR) of the mRNA and are involved in the transcriptional regulation of 60% of human protein encoding genes. 9 This mechanism of action has facilitated the development of bioinformatics tools that determine which miRs are predicted to target specific mRNAs based on their base-pair sequence. 10 As genetic association studies of the prototypical anti-inflammatory cytokine, IL-10, and sepsis susceptibility have provided inconsistent results, 11 we hypothesised that other regulatory mechanisms may be of greater importance in determining gene expression following trauma. In 6 this study we assay micro RNAs (miRs) predicted to target IL-10, TNF-α and IL-12 following severe trauma in order to explore the hypothesis that changes in cytokine gene expression may be coupled with changes in the expression of those miRs predicted to target them, thereby suggesting a regulatory role in this setting.
Methods
This study was conducted at a major tertiary referral trauma center, The Royal London Hospital, UK. The study was approved by the East London and City Research Ethics Committee (07/Q0603/29). Deferred informed written consent was obtained from each patient or their next of kin.
Patient selection
All adult trauma patients (>15 years) who met the local criteria for trauma team activation were eligible for enrolment into the Activation of Coagulation and Inflammation in Trauma (ACIT) 2 study when research personnel were present (8am to 8pm daily). ACIT2 is a study prospectively evaluating aspects of coagulation and inflammation in trauma patients (UKCRN ID: 5637). Those patients who were transferred to the ICU following their initial resuscitation and treatment were eligible for inclusion to this study.
Exclusion criteria included; arrival at hospital more than 2 hours after injury, extensive burn injury, HIV infection, immunosuppression secondary to chemotherapy or corticosteroids.
In the original studies 112 patients were available for analysis. 6 For this study, 30 patients remained with a suitable quality and sufficient quantity of total RNA available for miR analysis.
Therefore, this study is the analysis of a convenience sample of patients for whom stored, viable samples were available from the original cohort of 112 ACIT2 patients.
16 healthy subjects were recruited from laboratory and hospital staff to comprise a control group.
Data collection
Extensive clinical, demographic and injury specific data were collected and pneumonia was defined as per CDC guidelines as previously described (Supplementary Table 1) . 6, 12 Adjudication of infectious complications was performed in a blinded manner independently of the clinical team (by MJO'D and HDTT).
Blood sampling
Blood samples were taken on arrival in the emergency department within 2 hours of the trauma and at 24 hours after admission. Blood was collected into a PAXGene TM blood RNA tube (PreAnalytix, Germany). Plasma was collected from a citrated vacutainer (Becton Dickenson, UK) centrifuged twice at 3,400 RPM for 10 mins and stored at -80 o C .
RNA quantification
Total RNA was extracted from a whole blood sample collected in a PAXgene tube, reversed transcribed to cDNA and both mRNA and miR quantified using quantitative real time polymerase chain reaction (qRT-PCR) as previously described. 6, 13 Relative quantification was calculated using the standard delta-delta methodology. Results were expressed as a normalized ratio of candidate gene to reference gene for both mRNA and miRNA analysis.
Enzyme Linked Immunosorbent Assay (ELISA)
Samples were assayed in duplicate using commercially available high sensitivity ELISAs (Life Technologies, Carlsbad, CA). Absorbance was measured at 450nm.
Selection of miRNAs
We have previously described three genes, IL-10, TNF-α and IL-12, whose expression levels change following severe trauma and relate to infectious complications. 6, 7 In order to select miRs that could target IL-10, TNF-α, and IL-12, a bioinformatics search was performed utilising Spearman's rank correlation coefficient was used to describe correlation. Data analysis was performed using the JMP (version 11) statistical software (SAS, Cary, NC, USA).
Results
Patients
A total of 112 ICU patients with severe traumatic injury as an admission diagnosis were enrolled to ACIT2 between September 2010 and October 2012. Gene expression patterns in this group have been described in detail elsewhere. 6, 7, 16 For this study, we analysed the 30 patients that remained with suitable quality and a sufficient quantity of RNA available for miRNA analysis. These patients were recruited between September 2010 and July 2012. Demographic and clinical details of this cohort are shown in Table 1 . 14 (47%) patients developed a clinically defined pneumonia (Supplementary Table 1) 12 during their hospital admission. Microbiological characteristics of these infections are outlined in Table 2 . Pneumonia occurred a median of 3 (IQR 2.75-6.25) days following hospital admission. 6 (20%) patients died prior to hospital discharge. 16 healthy control samples were also collected. Median age (31.5, IQR 28.25-37) and sex distribution (62.5% male) in the control group was similar to that observed in the study patients.
Changes in miRNAs expression following to severe trauma
IL-10 mRNA levels increased 3-fold at baseline when compared to healthy controls (P <0.0001) and then increased a further 4.5-fold at 24 hours (P<0.0001; Figure 1A ). IL-10 protein levels were also markedly increased at baseline when compared to healthy controls (P<0.0001; Figure 1B ). At 24 hours, IL-10 protein levels fell compared to baseline (P<0.05), but remained higher than IL-10 protein levels in healthy controls (P<0.0001). The top three miRs predicted to target IL-10 mRNA were then selected (see methods) and quantified. Levels of miR-202 decreased immediately following trauma (P<0.0001 controls versus baseline) and then increased between baseline and 24 hours (P=0.0035). However, levels at 24 hours remained less than controls levels (P=0.009; Figure 1C ). Levels of miR-125a decreased immediately following trauma (P=0.02 controls versus baseline) and were then unchanged at 24 hours ( Figure 1D ).
Levels of miR-374b immediately following trauma were not different from controls and were unchanged at 24 hours.
TNF-α mRNA levels decreased immediately following trauma when compared to controls (P<0.0001) and were then unchanged at 24 hours ( Figure 2A ). TNF-α protein levels were below the level of detection in the majority of patients and controls. Three miRNAs predicted to target TNF-α mRNA were then analysed. Levels of miR-181 increased immediately following trauma (P<0.0001) and then increased further at 24 hours (P=0.046; Figure 2B ).
Levels of miR-454 decreased immediately following trauma (P=0.0055, control versus baseline)
and levels then increased at 24 hours (P=0.02, 24 hours versus baseline; Figure 2C ). Levels of miR-301a were undetectable in all patient and control samples.
IL-12 mRNA levels decreased immediately following trauma when compared to controls (P=0.0005) and then decreased further at 24 hours (P<0.0001; Figure 3A ). IL-12 protein levels were below the level of detection in the majority of patients and controls. Three miRNAs predicted to target IL-12 mRNA were then analysed. Levels of miR-410 were unchanged immediately following trauma when compared to controls and were also unchanged at 24 hours ( Figure 3B ). Levels of miR-21 were decreased immediately following trauma in comparison to controls (P=0.0035) and then increased over the first 24 hours (P=0.045) such that levels at 24 hours were not different from control values ( Figure 3C ). miR-590-5p was undetectable in the majority of patient and control samples analysed.
None of the miRNAs studied were associated with the ISS or the degree of shock as determined using the admission base deficit value as a surrogate or with the volume of crystalloid or colloid infused over the first 24 hours. Associations were observed between the number of units of packed red blood cells (PRBCs) transfused over the initial 24 hours and miR-202 levels on admission (P=0.003) and at 24 hours (P<0.0001). The number of units of both platelets (P=0.0005) and FFP (P<0.0001) transfused over the initial 24 hours were also associated with miR-202 levels at 24 hours. Supplementary Table 3 presents the univariate associations between miRNAs and other clinical and demographic variables.
miRNA expression and pneumonia
Lower levels of miR-125a at 24 hours (P=0.015, Figure 4A ) and lower levels of miR374b at baseline (P=0.005, Figure 4B ) were associated with the later onset of pneumonia. No other miRNAs were associated with pneumonia. Pneumonia was not associated with clinical, demographic or injury-specific variables (Table 1 ).
In this cohort no statistically significant association was observed between IL-10 levels and pneumonia ( Figure 4C ).
Power analysis
In the case of variables where no temporal change was detected a retrospective power analysis was performed using the mean and standard deviation obtained from the baseline values.
For miR-374b and miR-410 the study was powered at 80% in order to detect a 35% and 70%
difference respectively between miR levels in control samples and in the baseline trauma sample.
In the case of miR-125a and TNFα the study was powered at 80% in order to detect a 58% and 26% change respectively in levels between baseline and 24 hours.
Discussion
In miRs regulate gene expression through RNA interference. The seed region at residue 2 to 7 of the miR binds to the 3' UTR of the target mRNA which either causes degradation of the mRNA transcript or impairs efficient translation. 17 Therefore, in order to infer a possible regulatory role in the inflammatory response to severe trauma we hypothesised that miRs and their predicted target genes may change in a reciprocal manner. In our experiments we could successfully amplify miR transcript in 7 of the 9 candidates. All three assays used to quantify miRs that target IL-10 mRNA transcripts amplified successfully and 2 of these, miR-202 and miR-125a, changed in a manner that was reciprocal to IL-10 gene expression. It is interesting that although mRNA levels of IL-10 continue to increase from baseline to 24 hours, the associated protein product increases in tandem only immediately following severe trauma and then falls slightly at 24 hours. It is biologically plausible that the continued increase in miR-202 and miR-125a over 24 hours could partially account for the failure of increasing levels of IL-10 mRNA to translate into a viable protein product. In the case of TNF-α, two of the three miRs predicted to target transcripts amplified and one of these changed in a fashion that was reciprocal to the mRNA changes following severe trauma. In the case of IL-12, neither of the two miRs that amplified changed in a reciprocal pattern to the IL-12 mRNA levels. Further analysis of the potential influence of miRs on translation to the TNF-α and IL-12 protein product was limited by the sensitivity of the protein assay in clinical samples.
The expression levels of a number of the candidate miRs suggested by the bioinformatics tools did not change following severe trauma in a pattern that was suggestive of a regulatory role in this setting. Although some of these miRs have previously been implicated in immune disorders, 18-20 we could not infer a similar immune modulating role in ICU patients admitted following severe trauma. However, regulation by miRs is known to be cell state and type specific and our methodology of extracting RNA from whole blood may miss important interactions at a cellular level. In addition, the strategy of searching for reciprocal changes in mRNA and miR levels will not describe a regulatory function mediated through impaired translation as opposed to mRNA destruction. Particularly in the case of miR-410, this study may be underpowered to detect smaller changes in expression levels that may yet be of biological significance.
There remains a paucity of in vivo human data on the role of miR regulation of gene expression following severe trauma. One small sequencing study described 69 miRs that were differentially expressed between healthy controls and trauma patients requiring blood transfusion. 21 Of particular interest was their finding that miR-181 may have a regulatory role in the TLR signalling pathway. This may be consistent with the large increase in miR-181 expression observed in our cohort in conjunction with the decrease in TNF-α gene expression.
To our knowledge there are currently no other in vivo data describing miR production following severe traumatic injury in humans.
We also observed an association between decreased levels of two of the miRs that were predicted to target IL-10: miR-125a and miR-374b, and the later occurrence of nosocomial pneumonia. Whilst pneumonia was diagnosed earlier and more frequently in this cohort than in other trauma cohorts 3 the mean ISS recorded our patient cohort was also higher proportionately higher (31 vs. 19). It is plausible that decreased levels of these miRs could promote excess gene expression following severe trauma and thereby increase susceptibility to pneumonia. Although this study may be underpowered to detect an association between IL-10 levels and pneumonia we have previously reported this association in a larger cohort 7 and suggested that traumainduced IL-10 production induced an immunosuppressive environment which increased susceptibility to nosocomial infections. Here, we suggest that this response may be regulated through miR production.
However, the observations presented here should be viewed as hypothesis generating.
There are clear limitations to the utilisation of an algorithm-based program to predict mRNAmiR interactions, due to the complex interactions between miRs and their target and the redundancy in terms of the numerous putative miR recognition sites in mRNAs. Furthermore, the relatively low sample size increases the possibility of a type ΙΙ error, particularly in relation to the association between age and pneumonia.
In this study we have identified three miRs, miR-202, miR-125a and miR-181, whose pattern of expression suggest that they may play a regulatory role in the immunocompromised phenotype that is observed following severe trauma and two miRs, miR-125a and miR-374b, that were associated with the later acquisition of hospital acquired pneumonia. Additional studies will be required to validate these results and clarify the mechanisms involved. Data are expressed as median and interquartile range or absolute counts with percentages in parenthesis. The ACIT2 column represents data from the full cohort of patients from which the patients in this study originated and are described in detail elsewhere 6 . These data are provided for the purposes of comparison. AIS, Abbreviated injury score. HTS, Hypertonic Saline. ISS, injury severities score. MODS, multiple organ dysfunction syndrome: This was defined, using the SOFA score, as the presence of ≥2 organs from the SOFA score being ≥3 in 24 hours. PRBC, packed red blood cells. TBI, traumatic brain injury (AIS Head and Neck ≥3). 
Candida albicans 5
Klebsiella pneumonia 4
Haemophilus Influenza 4
Enterobacter cloacae 3
Escherichia coli 3
Acinetobacter baumannii 3
Klebsiella oxytoca 2
Staphylococcus aureus (MRSA) 1 
Serratia marcescens 1
Pseudomonas aeruginosa 1
